RNA silencing is a newly discovered mechanism of genetic regulation in eukaryotes. It is based on an immune system that protects eukaryotes against viruses and transposons and in some respects it is conceptually similar to classical humoral immunity. However RNA silencing is distinct from humoral immunity in that it only targets nucleic acids and has a specificity mechanism based on nucleic acid base pairing rather than on interactions with protein antibodies.
Basic Mechanism of RNA Silencing
The first evidence for RNA silencing was from plants and fungi carrying transgenic copies of endogenous genes. These plants and fungi were expected to overexpress the corresponding protein, however the result, at least in some of the lines, was the exact opposite. For example, in plants that should have overexpressed an enzyme required for floral pigment production, the enzyme was absent and flowers were white (Figure 1) . We now know that the white flowers were due to an RNA silencing surveillance system that detects the presence of foreign RNA in eukaryotic cells. This system recruits the foreign nucleic acid as the specificity determinant of an RNA targeting mechanism. Thus, a transgene X causes specific degradation of X RNA and a floral pigmentation transgene causes the degradation of the transgene and endogenous RNAs encoding the floral pigmention enzyme. Other endogenous RNAs (Figure 3) . The production and movement of this signal persists throughout the lifetime of the plant even if the tissues containing the ectopic initiator are removed. Thus, the cells containing the ectopic DNA are not the only source of silencing signal; as the signal moves through the plant there must be a system that amplifies the effects of the initiator of silencing.
Animals may also have a system for amplification and spread of silencing. This is shown most graphically by C.elegans. If these animals are injected with dsRNA or if they are allowed to feed on bacteria that produce dsRNA there is systemic silencing of a corresponding endogenous RNA. Presumably the signal molecule is produced in the C. elegans cells that receive dsRNA. This signal then moves and causes RNA silencing in other cells that become sources of secondary signal.
We know that an RNAdependent RNA polymerase is required to amplify RNA molecules involved in RNA silencing. However, we do not know the nature of the signal although the siRNAs are a good candidate. Nor do we understand why there is the potential for extracellular signaling and amplification of silencing. One possible explanation concerns antiviral defense. If silencing of viruses occurs in the cells that are yet to be infected then the antiviral defense role of silencing will be more effective than a system that operates only after the virus has started to replicate. Other roles of systemic silencing in developmental control are also possible.
Natural roles of RNA silencing
RNA silencing is more than an artefact of transgenic plants or C. elegans injected with doublestranded RNA. It also has natural roles in antiviral defense, genome protection and developmental regulation of gene expression. An antiviral defense role, at least for RNA viruses in plants, is thought to involve dsRNA intermediates in viral RNA replication. This dsRNA is processed by DICER so that, once the infection is established, RISC is targeted against the viral mRNAs and virus replication is slowed down. Not surprisingly plant viruses produce proteins that counteract RNA silencing and this might explain why some strains are highly virulent. At present it is not known whether viruses in animals or affected by RNA silencing.
An example of RNA silencing in development involves short temporal (st)RNAs. stRNAs were discovered in C. elegans; they are about 21 nucleotides long and are produced by DICER-mediated A particularly useful property of RNA silencing is that it does not require complete sequence identity in the dsRNA and the target RNA. There is good silencing even if there is 5% or 10% mismatch in the initiator of silencing and the target RNA. Thus it is possible to investigate the function of multigene families in which different members have overlapping and redundant roles. These families are otherwise difficult to investigate by genetic means. Over the next year or two I expect that RNA silencing will be used for systematic analysis of the genes in several organisms.
